!

!f\n

e o C s fpmrmea gy e Lo AD 8
w125 THE URIVERSITY OF KAKGAS SPrcai TECHNOLOGY LABORATORIES
{ o i 2291 leving h'”t Dr.—iCcmpus West Lowrenice, Kansas 660+
| . gR4-10523

g . | 5 ) .
- 249020 oy
OR ,[’5?3\7‘7/

* PRELIMINARY $-193 RADSCAT OCEANOGRAPHIC

e i DATA FOR SKYLAB 11
£]) T A T
Itterast af Eér]y and wide di
Y LA T RPN 4 ed- .
;E:;mnﬁhennf Edith Resources Suntgy
for §;‘;mu;gf?§ﬁa?“¢ﬁ_ﬁﬁd without liability - |
oUE tharegr,” CRES Technical Memorandum 254-3
| ‘ ‘ - - Arun Sobti
James Young
| Febru_cl_ry, 1974
_ :f " Supported by:
= = NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
- Lyndon B. Johnson Space Center : -
Houston, Texas 77038 ’
CONTRACT NAS 9-13642. s
; R ) o
. Reproduced by W "‘::-
. b ' NATIONAL TECHMICAL & - . -
/ ' INFORMATION SERVICE o e
- U § Department of Commarce . i
)  Springfield VA 22151 _ : fk .
- 7 . _ _ REMOTE SEMSING LABORATORY &
) ) - . - . ( | | ‘ .. ‘ . | - - |
A b



I. INTRODUCTION

The pufpés;e of this report is to dissemir‘waté prelimincr'y 5-193 RADSCAT
oﬁ:ednogrcphy data and ossociated geogrephic, coordinates for SL=2.These dota
are necessary to identify the locations where surface and atmospheric truth are
needed and to begin preliminary analysis of the mic'rowave returns measured by

“the 5-193, | ' |

A total of 12 EREP passes were flown during SL -2. These passes contain

4 segments in which the 5-193 was operufed in a non-contiguous mode over the

seq For more thon two or three measurements, These sea mecsurements are as fol[ows

EREPY DOY =~ START GMIT ‘END GMT  LOCATION
5 156(5June)  18:02:03 18:08:52  Gulf of Mexico and Caribbean
AVA 157 (6 June) 18:55:31 - 19:00:31 Hurricane AVA (East of
, Acopulco)
8 162 (11 June)  15:20:15 15:24:08 Gulf of Mexico
10 164 (13June) 13:42:01 134545  North Pocific (West of

Washingten State)

In addition, one cross track contiguous segment was measured on DOY 161 (10.June)
along the coast of Brazil, This segment has not been considered in this preliminary
. analysis since extensive surfdce truth is not available in that part of the world .
and since the CTC mode gives less precision in microwave measurement than do
the non-contiguous modes. The data for EREP pass number 10 is also not included
in this report since the S-193 was apparently not operating correctly during these sea
' measurements. The scatterometersignal’ wc:s much {oo small and the measured
radiometer characteristics are also in error for this segment of EREP pass number 10.
The cause of these problems seems to be an inadequate period of warm-up for the
5-193 prior fo operation,
~ The data used to produce this report were received from JSC and KSC in
the form of tabulations. These tabulations consist of time sequenced voltage
recordings for the signal end angle values for pitch and roll. The Housekeeping
tabulations were scanned to compute the contributions to the rcdiometeric temperature

from the antenna cssembly, The ephemcris information to compute the spatial location
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of the target point ond the subsatellite point was obtained from the SKYBET print=
oout contained in the EREP Post Pass Summary Pads. '

" This report contains tabulations of normalized scattermg cross-sechons,
ontenno temperatures, and associated geographical coordinates of the sea segments
described previously which were measured during SL-2. Plots of the footprints
are also included. The next section descnbes the dlgorithms used to generate the

LY

~data included in this report,
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1. CALCULATION PROCEDURES

‘11.1 Normalized Scattering Cross-Section

. From the radar range equation we know that the average received power,

P‘ , is given by (1)

r_"

jf 2(9617)/4(945‘1")0'(645,?’) a’ (1)
4103 R(G,cb, sv)

_ where 7

¢ = angle of incidence

= nadir angle from antenna boresignt

¢ = azimuth angle w.r.t. antenna boresignt
Pf = fransmitted power
X = wavelength

G = antenna gain
“R =range |
0% = normalized scattering cross-section
7 The underlylng assumphons associated with this formulation are
understood. In the case of the $-193, the beamWIdfh of the antenna (fwo*wcy)
.is opproximately 1.5° and the normalized scottermg cross-section is considered”
representative over the entire target area. With this assumption, equation )

can be rearranged os foliows:

o (4TT) © 2
T (t ’ j 2(6@)}369@ %) dech . (
, RY 6,0, ¢)

Equation (2) has been parhtloned as shown to illustrate the three effects governing
the value of 6°. The first term, Pr ), is computed from the voltage recordings on

the 5-193 tape. To compute this frciféﬁon, the system tronsfer function for o

. particulor mode, incidence ongle, filter end gain sclection is employed. The

second term is o constant because the transmission is ot a constant frequency.
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The third term is dependent upon the antenna pattern and the target-sensor
geometry. With a fixed antenna pattern, the integral is only a function of the
* target-=sensor geometry. It hos been showﬁ(z) that a simplified expression for thls
. term provides results accurate to Wtfhln 0.1 per cent. This expression, shown

below, was used in the computuhon.

! = _R° cosil(d-)
JI G%(e,0) Ale,d,¥) Jod o RCI,
R*(e,¢,¥) _
JL. - ' , .
+ where

Ro = range at nodnr angle (he:ghf)
Io = illumination mtegrci'/\———%é—— computed for nadir incidence’
a = true angle of incidence corrected for earth's curvature.

- The volue of R2 I was computed apriori and used as a constant (Ig) The
“valye of R was eshmu‘red as 435 kms. This means that only three values of I were
stored as constcnts (the cross polcnzed values are assumed equal). To adjust for .
an orbital height other than the nominal 435 kms, a simple correction of the form
. shown below may be used.
| 2
'
) R'€
I = I —_
- g 5 Rca
where I ' = value of illumination integral for true orbital height R; .

- A simplified expression 'tofcompute ¢, the true incidence angle used wcs3

- oR ) ! | .
an (EE sin a') . ) | ‘
where OR = orbital radius

- ER = earth's radius

- Y = pitch or roll cngle of antenna

5.



The range to o target point was computed using the simplified e#pressionw)

. R=0R coj(oé)< V -{1- —=— ;osz(atj )

Hoving computed the individual entries, the differential backscattering

. ]
cross-section o was computed as

. B R*eose) (am)’
iy e (- g

1.2 Antenna Temperature

The antenna temperature is the sum of all radiometric emissions arriving at

the $-193 antenna weighted by the antenna pattern, i.e.
o (6,¢) dodd
To= G, IfEPP (0,9) G_ ) .

where

Go = gain of antenna
T = apporent temperature
app PP P e
G = antenna pattern

T, = ontenna femperature

‘The beam ef.FIc,iency of the antenna is 83.03 per cent for the vertical polarization
‘and 82.55 per cent for the horizontal polarization; the corresponding effective beam
widths ore 2.00_0 and 2.06°, lIntegrating the vertical polarization pdttern out to
5% off boresight one finds this solid engle to contain 86.30 per cent of the total
energy.in'the polarization selected and 4,28 per cent of the total energy in the
opposite polerization. In other words, the lorge solid ongle from 5 per cent off bore-

sight to 180° contains 9.42 per cent of the total energy. The corresponding figure



for horizontol polarization is 11.05 per cent, The percentage of total energy
in the two polo_rizaﬁons with respect to the solid angle off boresight- is given
in Table 1, ' _
The above mentioned detmls have been included merely to emphasize that
“to estimate a surfoce brightness temperature at antenna boresight merely by
examining the antenna temperature can often lead tp serious errors. For the case
of the ocean, however, a surface distribuﬁpn of the brightness temperature can
‘often be assumed, thereby allowing one to extract the surface brightness temperature
based _upon the antenna temperature. Prior fo cny computation of surface b.r‘ightness._
temperoture, the effects of the mfervenmg atmosphere must be removed.
The dotd presented here has not been compensated for atmospheric effects
* and indeed does not necessarily correspond to the surface brightness temperature
in magnitude. 1t should, however, follow the same trend (although at a different
magnitude) as the dara measured under ccrefuily controlfed and properiy compensated
recordings.
| The 5-193 radiometer on board SKYLAB isa modnfled form of a Dicke
" Radiometer with two reference temperatures used for internal colibration. The
~ system transfer function accounts for the variations in the two reference voltages
and the contributions to the fehpercture from allintervening hardware elements in .
" the signal path from the antenna to the recorder, For those interested, ‘the system
- transfer function for thel radiometer is contained in G. E.'s Calibration Data Reporf(s).
The value of the insertion loss of the antenna assembly was computed from data taken
‘over deep space during SL-2. ' | | '
| The gain slope used to convert voltcge recordings to degrees Kelvin is
found by considering the voltage recordings of two known temperature inputs {the
. reference temperatures). Due to the random, noise-like nature of the calibration
signals, a running average of many calibration recordings was used to compute
the gain slope. This is the only deviation fiem the transfer function proposed by

G. E. used for the calculation of antenna temperatures.



TABLE 1

' ASSUMED $-193 ANTENNA PATTERN ENERGY DISTRIBUTION

ONE-WAY BEAM EFFICIENCIES

'VERTICAL 'HORIZONTAL
POLARIZATION POLARIZATION
o | DOMINANT CROSSED DOMINANT CROSSED
1° 54.20 0.43 53.30 0.30
® 82,10 225 81.14 1,90
3° 84.82 3.66 83.20 3.58
£ 85.90 4.08 83.56 414
5% 186,30 4,28 83.73 4,32
180° 93.10 6.90 90.38 9.62
main bear 83.08 - —_ 82.55 —
TWO-WAY BEAM EFFICIENCIES
VERTICAL HORIZONTAL
POLARIZATION POLARIZATION
o DOMINANT CROSSED DOMINANT CROSSED
1° 84.00 0.01 84.75 0.00
2° 95.70 0.06, 97.00 0.04
3° 95.78 0.07 97.06 0.06
4° 95.79 0.07 97.06 0.06
5° 95,79 0.07 97.06 0.06 -
"180° 99.92 0.08 99.93 0.07
main becm 95.76 — 97.06 —




1.3 Spatial Location

: " The spdtial locations of the footprinf and the subsatellite point are computed
in latitude-longitude by meons of a simple circular model of the SKYLAB orbit.
The eccentricity of the SKYLAB orbit is actually greater than zero, but is very
small. The location of the subsatellite point is computed by considering the simple -

Ageometry shown in Figure 1, )

The angles 2 _, f, and i umqueiy define the posmon on a unit sphere. .
These-angles are Found in a somewhat different form in the SKYBET printouts
contained in the EREP Post Pass Pads.

The angle Qp is the right ascehsion of the ascending node. It is given as
the right ascension with respect to a fictitious location of the Vernal Equinox in-
the SKYBET printout. The right oscension compured therein is with respect to the
location of the Greenwich Meridian ot 00.00 hours on December 31, 1972, A
simfale translation of the earths axes in the elopsed time to the epoch time-providé‘s :
the necessary value of the right csceﬁsicn. The value of i, the inclination angle
of the orbit, is listed. for one“mmufe intervals in the SKYBET printout. The value
of f, the perifocal angle,is compu’red by summing the argument of the perigee and
the mean anomaly. All the numbers found in the SKYBET document are printed for
one minute intervals only. An mferpolchon scheme computes the values at the

| precise moments of interest. ,

Having resolved the unit vector into its three coordinates w.r.t. the x'y' z
“axis, the latitude is computed by sihp!e geometry. The longitude with respect to
the x' axis is similorly computed. A rotation by the amount ‘Qp then provides the

_ longitude with respect to the Greenwich Meridian,

_ The target location is fourid by computing the unit vector of antenna boresight
in terms of the x' y' z coordinate system shewn in Figure 1. To do this one must .

go through many sets of ccordinate fronsformuﬂons(S). These coordinate transformations
utilize angles provided in the SKYBET printout. After the unit vector and the range
to the target point have been computed, the vector sum of the vehicle position

. vector and the pointing vector defermines the position vector of the target on the

foce of the eorth, This con then be resolved into latitude and longitude.



')--hl.

Figure 1. Skylo'b' Orhital Geometry.
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The plots were made by encoding a tape to run a Benson-Lehner Incrementa)

Plotter, The accurocy of the locetion of the center of the footprint as verified
*by sample printouts {every 20 seconds-for nadir incidence) from EREP Post Pass Pads
is within 0.10% longitude and latitude. This c;ccurccy is well within the tolerances

of estimating the various attitude and antenna excursions.

s
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Figure 2. $-193 RADSCAT Coverage on DOY 156 (5 June).
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TABLE 2

Scattering Coefficlents
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1.52.
13,47,
-25,91
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-14.19
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13,26
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~32.A0
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-31.83
-26.9?
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-37.18
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=37.17
-33.91

'26.21

=15, 47
“Q-US

\-36'49.
-33,089

~28.47
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RADSCAT Data. for DOY 156 (5

June),

Antenna Temps
']

(Deg)

162,07
183,65
147,69
283,01

T 463,41

133,721
146.G7
136,34
277.53%
1?’)?-2%
150,72
147,60

132,14

126,72
161,13
149,77

145,38

138,%0
12ﬁ010
162,31
150,02

«34G,35%-

150,34
124,29
159,70
436,25
1‘11 [ 95
129,95
122,01
159,090
148,09
139,05
130462
124,63

. 159,41

147,52

137,85

128,79

123,19

H
(Deg)

100,897
107,99

126,17

282,57

162,67
107,117
121,%9
130,54
282,446
101.65
105,42
117.93

175,41

125140

99.08
1C3.66
116.41

122,69 7

122.50

99.29
104,52
116,61
123,11
122,95

55,56
104,42

118,44

123,156
122,356
897,96

192.38%-

116,45
122,93
122.22

6.7R

101,62

116.11
121,09
171,75

Field of View.

Coordinates

Lat
{Deg)

27.38
27.72
#8.34
29.04
29,65
26 .62
?7.484
27.67
29.37
2%.%9
25.93
2.36
26.99
27.7¢
2%.32
25.2%
25.567
26.31
27 .02
27 .5
24.55
2h 29
25.62
2b.34%
26.97
23.85
2y.29
24.93

25.65°

26 -1‘3
23.15
23.59
2y.2y4
24.36
25 .6D
22.29

23,54

24.27
24.91

Long
{Deq)

-94.75
-95. 7
-4b.00
-4b.33
-97.063
"qblo Oz
-94.54
~95.31
~G6,.12
-36.91
-43.38
-q;SA %1
-94,57
-45.318
'9‘)1 ﬂ '3
-92.59
~§3.09

© ~g3.85

-94. 64
-35.41
-91.8%
~g2.3%
-g3.13
-g3.91

- “qqa&?

-91.19
-9f .63

S -92.42

-93.95
~30.50
-98.9%
-91.72
-92.49
-?3-2-3
-4%.82
-50.30
-91.02
~q1.79
~92.52
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Coordinates
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{Deg)
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iv.od
15. 93
25. %1
A9.71
29.42
29.27
AP.15
I8.05
2.9
23.75
2% .6%
2% .49
28.3%"
23.24
28.0%
27.92

27,71
27.56

27.488
27,25
27.13
27.03
26. 3¢
26.72
25.57
25.45
25,35
26,28
26,04
25,59

25,76

35,66
25.5¢
25.3%
25,206
25!97
4.97

Leng
{Leg)

-9%.34 -
-5 5.106
-¢7.38
-97.135
-Q7.73
-47.97
-97 .39
-47.24
-97.

"r’fo-}fo
-45,50
-§5.62
-GL.40
-95.12
-6 .4
~95. 48
-95,27
-45.71
-95.587
-95.4¢
-35.70
-%5.13
~9Y4.4T
~G4.82
-9y. 72
-54.57
-94.45
-94. 74
-94.13
-94.00
“§3.34
-93.67
-93.54a
-43.-

-%3.1
-§3.1
~42.94%
-92.50
‘51-67
-910 57
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25. 33
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Ng, 14
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5y,.53
56.83

D.Of

3.bY
7.00
g.7¢%

Angle of.
Incidence

{Deg)

S 49
43.79
32,732
17.12
1.04¢
50. 47

’ l13-7ﬁ
32.31
17.41
1,06
- 50 46
43.77
321.30
17.10
1.08
58. 45
43,76
32.19
L7.09
1.04
S0. Y4

* 43.75%
12.2¢
17.03
1. 03
S0.y43
y3.7y
32.27
17.07
1.082
SO. Y1
43.73
32,26
17.05
1.01
5’&! “1
43.74
3325
17.0%
1.04

TABLE 2 (Continued) (DOY 156),

Scattering Coefficients

Vv
(0B)

‘15'26‘
“-iI*CEZ‘
-11133

M Bl
13,41
"1&- ?&
'13-“2
-t3.75
1.23

-15u60
-12,¢9
=9, 85
a7 X
12.79
-1h, 12
-14.62

. -%uFDS

1.55
172,94
1770
-15- 54
-10.77

-3,0%

12,50

-17.78
-1%, A7
-11-['&
1.7%6
15.73
=14,2
=15,%3
~11.07
1.37
12,54
-?2D. %2
-6 47
1.650
124 41

VH
(oB)

=27 .58

=26.93

-Ehcis'

L UTE Y]

'30?2
=26.37
=~?7.91
*3k.h5
'1“-&8

'26.'-05
-.2[?0710
-22.35
14 .31

-2.91

-23,22
‘Zﬁogq
-1h.57

14,58 -

-3437
*29.1%
-27.61
'23-75
‘12-8“

4411
-22.99
-27.57
-2h-23
-13.31

0.31
‘30013
-27,.,74
-?'0-19
-!ho??

~44.11
-3?1ﬂ§
-2b.u7

AT

-1h'?8
-4 4,29

HH -
(pB) .

-1h,55
'1?-69
;12116
1.17
13.29
-l9-59
-16.92
-12.21
1,55

-20,77
-1ﬁl56
-1qn81
1.47
12.65
-21-62
'1?.95
-1Blgg
1.62
12.372
-21-85

T =18,34
! '11-96

=1.10
12497
-22.28
'1ﬂ!l‘;q
‘11-52
"1.57
16.77
-22.81
—18.“9‘
'11!85
1.4b
12.610
’2“.31
*130?6
-12.35%
1.64
12.41

HY
(DB)

-2R84.36
=27l
‘24175
-14,95

-4, 06
-27.17
-2706'!0
'2“-53

TN Y

-29,02
“24,91
«“23.66
-4, b4
—‘*.‘*2
-29.59
-27.61
-21.91
-15-2“
4o 50
-29-9?
-27.97
'2‘1‘.%3
'1“-37
-"'069
21,12

-?3.‘53 V

~24,13
‘15. F)?
-4,03
”35-13
'18'13
"2‘4' 34
-14.11
~4,32
_35.&
-2%,19
‘2“.“1
'1‘1‘.?6
-G.01

Antenna Temps

Sy
{Deg)

174,05
155,52
144,66
134,37
123,84
176,19
157,24
147,23
135,6%

145,42
1%8,70
147,52
134,79
126,60
163,6%
153 .93
152,70
137,36
127,78
154,19
154,52
147,4%
174,49
142,74
15%,78
134,10
145,53
136,40
134,09
168,67
136,71
147,49
135,52
131,37
147,47
157,77
144,45
133,13
126,23

. H
{Deg)

140,14
112.57
127,90

132,57

126,09
117.G7
113,36
124,12
127.51

106.29
176,38
124,78
124,78
125.74
13%.66
106.97
157.2%
130,31
128,21
107.01¢
111,614
123.5R
224,21
134,92
110.7%

‘113,060

124.96
123,97
193.E8
113.47
115.5"
125.¢6¢
130,58
130.C3
110.64
115.41
128121
133,5¢
128,25

Field of View
Coordinates
Lat Long
(Deg}  (Deg)
15.9L  ~34.00
16.92 -f£4.45
17.10  -£5.15%
17'55 -35-91
13-5’ _9&-50
1%.23 -93.39
15.69 -§3.83
¥6.37 -§u,S50
17.13 -§%.19
17‘30 -85-87
1449 -§2.7%
1.3 -93.22
15.6y -£3.8%
16.40 -84.97
17.03 -55-2'{
£3.76  -3%-17
14.2% ~-fx.61
1y.90 -£3.27
15,67 -23.9%
.35 ~Qu.&i
13-01 "3[-56
13!“% ‘31-50
1H.17  -32.566
19.94y -¢3.33
15.62 -£3.9%
12.28 -g0.97
12.76 , -%1.4D
13.43  -gX.0¢
14.20  ~-4g2.74
“"3% —83039
L1 .5y -80.37
f{i.60 -go.go
1%2.69 -B1.48
13.47 -fa.12
1'4-'& '31-?7
10.80  -39-78
1t.26 -%0.20
11-?1 —@t-ﬁ}
|3G‘WD _-aa.ls.

Subsatellite

Coordinates
Lat - Long
(peg}  (Deg)

1g.15 -&v.as
1809f '50-90
14.43° -35.76
13.70  -gL.RU
18.59 =26.5W4
12.43 AL}
13-20 -_%&-Ik
17.18  -86.&2
17.97  -§6:00 °
17.8L -85.0¢
t17.71 ~-45.77
17.54 =-85.63
17.73%  -25.43
17.15 -€5.3
17.14  -95.2%
16.99  -35.1¥
16.91 ~85.00
1L. 65 -gu4.-9¢
16.5&  ~ %75
1.4 -g4.0E
16.25 ~84.5%
1Loog ~B4.37
15.92 -%4.2%

S E A B L F 2

15.L9% -gv.Dl
15.52 -¢%.90
15.35 -{3.7¢
1514 -418.62
15.0% -g3.51
14,99 -g3.42
1.7 -48.d¥
14.631 -23.1%

T 14.48 -23-01

14,32 -g2.%¢
4.1 g2t
14.05 © -91.0¥

13,47 -93.53

13.70 —§%-3¢9
13.57 -92.2%¢
:lov\g —ilnl?



Scan
Humb

25

26

(Hr Min Sec)

1€
18
18
12
14
14
1%
19
18
1€

GUT

o o0 o0 o0 e @ 0f B on S

14,33
12. 49
22.15
2%.61
27.33
39,54
3. 14
37 .50
40.29¢
421.57

AngTe of
Incidence
(Deg)

50.40
Hh3,71

- 32-24
17064
. B.499
50154
43,710
32.23
17. 03
U.98

‘Scattering Coefficients

vy
(DB)

-19,42
-20.23

- =17,50

1.74
12.3258
=6, 82

'13-50
"1‘5-68
1,03

VH
(oB) .

”ZQ¢27
'32-06
"?5.0\&
‘1“-&9

-4 ,56
«13%.34
=24 .62
=27 .28
'1“03E

-4 436

HH
(08)

-16,17

-22.50
1.53
12.49
Hhe2h
~12.88

'1“.5?'

1.21

12,09

ny
(pB)

--27.12

"33| 33

'?5.67 N

=14,33
-4,88
=14,.12
-2%.97
-27.28
"1".69
“4y 88

| : o
TABLE 2 (Continued) (DOY 156).

Antenna Temﬁs

v H
(Deg)  (Deg)

197,54
160,93
147,79
136,23
132,16
240,A7%

T 192,91

134,64
138.46
130,33

142.75
118,74
126,02
131,26
133,05
246,44
173,07
129,50
132.61
130,80

"Field of View

. Coordinates
Lat Long
(Deg)  (Deg)
106,0% -79,17
10.49 -74,59
11-13 —g0123
11-‘5 —gﬂ-ﬂ? )
1a.L4 -41.53
9.17 "7%-57
9-73 '73-9?
10.42 -76,62
11,19 -€6,21
11-81 _EOCQJ-

Subsatellite
Coordinates

Lat -
{Deq)

13.29
13.12
1d. 9%
12,61
12+69
'1.53
12, 3k
12.1%
12, 0%
ti. 53

Long
(Deg)

-§2.0%
-£1.91

-3[ !77

-El -5&

-$1.87
~€1.43
-fi.29 .
~ql.1§
-fi.04
-¢0.95



AT Iy

(X ]

LX)

r )

-

v

vx

wE

»n

[0} *1—
+
*
.
] @ *.
- N + .
*, -
@ o ++
. & s
o . "‘++
@ ©
0 (o] ++
e o ++'++
o ‘ © ot
+
o o +++
. [0]
o _ o o *,
@ - *++
. @ [
0 . . @ ¢
[oN . *++
o °
e ots
Noj +
. +
. o] +
[o]
o | o'r.
N o - : +,
O- » (o] o +
. o T
. © *
e @ o
5]
] .
o @ o
° O
o o
. o] -M,....,... - L ) O
- PR - - ‘ O
{ . . '
2 Mw mr mT wms Am aE mX mA ED KB &8 ms N ME M mE mA me = M e ma -

ORGI™0, MIASUMID E4ST Ew Cappwm:

Figure 3. S-193 RADSCAT Coverage on DOY 157 (6 June).
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Figure 4, 3-193 RADSCAT Coverage on DOY 162 (11 June).
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(Deg)“

29.71
9C. 25
91.07
91.91
g2.72
.98
29.52

C §0.33

91-1b
91,35
BE. 26
E3.&o

£9.59

%C‘o 4?.
91,20
BT.56
EB. 08
bs. &7
£% .69
YD. 46
B 2o
2T .38
Be.lee
£8.96
89.73
fo. 17
k.69
7.4k
at.25

g2Q.01

£5.49
6,00
g6.76
27.55
£2.2¢9
Q4. €1
25.32
26.07
36.85
£7.59

Subsatellite
Coordinates

‘Lat -
{Ceg)

29,96
23,75
29.60
I9.48

24,24
y.uQ
28,94
28,02
28,72
2%.5%
28,42
ZB. 2.7
25.15
28,05
27 .51
27.75
27.60
27,48
27.3%
27 . 24

T2Ti0s

b, ¢3
26,81
26.76
26. 560
26.40
26.25
26.13
26.02
Py 87
25.72
15.57
25, 44
25. 3%
29.1%
24.9%
24.75
24.68

Long
{Deg)

q3.42
931.24
g3.0r
92.%3
24,51
92.65
2,497
92.30

F.16
§1.65
"}1.55'
QL. Tt
G1.54
g1 .41
91.29%
9.3
Go.v6
Pu. 80
G LB
50.5%
96419
ge. 2%
Gu. bk
Be.91
g% . &1
G . 4y
29,312
89.26
2%.04
g8.43
R2.77
83%.61
g% .43

2e.37 u. 

27.22
2% .0k
87.60
777
g7.67



Scan

Humb

10

11

1

13

14

15

GUT

Incidence VY
Hin Sec) - (Deg) (pa) -
22 23,44 51,15 =22.43
22 30.36  32.0% “15.08
22 33.14 1768 0.6%
22 35,44 . 1,48 19.46 °
22 38.69 51,18 ~16,71
22 42,25 4. NS =20.17
22 48.39 17.71 D.19
22 59,69 1,56 13.76
23 0.86 " 32,7y -14.5%
23 3,64 37,72 - <1.17
23 5,6y 1.52  14.42
.23 3,19 gy.22 -20.08
22 12.75 yy.48 ~16. 45
23 16,1l - 32,73 ~y2.97
23 18.B9 t17.72  5.51
23 21.19 1.51° 13.86
23 28.00 Y. 47 -20,.27
23 TL.26 32.73 0 -12.2%
23 4.1% 17.71 6.76
23 36.4% 1.50 13.80
23 3G.6% s51.21 ~26.91
23 43.25 gy a7 -23.%9
23 4b.61 32,72 ' -1%,10
23 49.3% . 17.71 1.31
23 £1{.69 1.50 13,80
23 s54.94 51,21 -27.39
23 B5B.50 44, ub 2%, 39
2y 1.86 322.72 -16.87
24 4.6% 17,.7B b.S5
2'4 6n°q 1.”9 -34030

'TABLE 4 (c'qnimueci) (DOY 162).

. VH
(o8}
-.3315-‘9
"Zl-?}
=29411
'1“.38
-2.-03
"‘31-55’
-33.43
"1@ tBS
-l’i.5q
'1075
-22.1%
'30- q
-28.64
-15.2%
_2_53
"anq?
-25.58
'2&0"'3
"1‘4-56
-3035
~H1.51
~32.36
-26.85
“14.214
-2.37
‘36 102-
-36.05
'23-42.
-1.3;‘;7
-2.94
-35,37
"3"-21
1 .5-&
—l'-t.bD
-32,66

" HH
(08B)
-27. Q.ﬂ
-11.92
-15-135

O.89
14.58
24,76
“230?1
‘9079
.57
L3.9%
-23.73
'2012%
"15.5‘{
-! ou&
“14.34
-25.03
"19-‘;5
-131 Bq
0. b1

13,74

~31.27
-23.33
“!.3-12-
1.22
14,12
-31035'
-27.07
‘150 LS
1439
13.79
"33.21
~27.96
-19.03
1. 47
~34.53

Angle of- ‘Scatterihg Coefficients

~HY
(o8)

-37.86

‘16.71
-2‘3.93

6,58
"z-bﬁ
-35.2%
-35,18
-8, 84
-15, 4%
“911&
«~33.17

‘31135

“'2—?.37
-13-23
2,62,
-36.32
-31.32
-27'31
.17
~3.29
“Jthb

'3’09;

-2¥.15
-14,75
"3-10
~37.083
'HOill
-2%.11
-'['-f.'JO
"‘3048
~41.%1
-47,.ub
-32.26
6!1%
-33-16

y
{Deg)

162.21

201.83
142.07
131.30
£22.5%51
162.07
150.138
198,02
131,20
124 .18
1el.01
152,13
1y1.53
190.13
125.06
162.42
151.30
t44.18
133.82
193.95
160,36
14% .53
140.50
133.26
124.85%5
159,42

158,73

143.27
132.35
125.43
158.97

149.4%

139.11
130.08
1256.13

Antenna Temps

H
(Deg)

104.39
144,85

125.47
122,06
104.41
105 .24
166.63
124. 00
123.29
104.01
1H7.65
121.32
154. 14
122.36
103.94
167 .66

122.57

L26.26
16B.62
160.27
105.25

118.33°

127 .39
124.40
100.30
103,17
118.92
125.13
123.77
180 .30
105.27
ite.09
123.31
124.67

19.66

Field of View

Coordinatcecs
Lat Long
(Deg)  (Deg)
21.90  34.14
21 . 8% Y. 6L
22.54 25.3%
- 23,24 f6.16
23.%0 g6.89
20. k% 23.47
21.1Y4 23.497
21.83  84.71
22,54 §5.47.
23,20 2%, 28
19.%97 §2.382
20.43 §3.31
2L.12 - 8Y4.04
21.83 g£4.20
22,50 g&.51
19.25  fL.1&
16.72 82.65
2H. 41 231.23%
2R.i2 24,12
21.79 24,84
18.54 g1.52
1900 - ¢2.01
19.79 g2.73
204, 44 ar.47
2t1.G9 £4.1%
E7 .8 g0.8%
18,28 2L.36
18,98 @2.0%
1g. 70 £2.%2
" 20,38 ¢23.5L
17.0%  g0.2%
17.56 20.72
18.26 gt.44
19.9% ga.17

f2.8b

Sutsatellite:
Coordinates

Lat
(Beg)

24,50

- 24.29

24. 19
24.06
22.96
22.81
23. 6%
23,49
23,36
23,26
23,141
22.4%

2279

z2,bé
22.56

-2.2.-41 !

23,24
22.0¢%
21.96
21.96
21,78
21.54
21.3¢
a1.25
21.15
21 .60
2b .23
26 .68
25.55
20. 4%
25.29
FL I -
19.46
14.383
19.73

Long
(Ceg)

g7.52
e7.35%
27.20
27.07
86,47
g(b. %l

6. bh
Sl 5t
Rh. 32
2b.2%
B&.13
85.47
25,82
8L.70
S .b0
45,45
85 . aG
85,15
£5.02
aA¥.92
2,73
2y . E2
£4.4%
24.31b
24 .26
£4%.1%

 8346%

83.82

 83.78

25.50
£3.46
23.10
23,16
93,04
R2.G4
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Mr. Chalrman and mambars of the commiitut ‘

The opportunity to discuss briefly wllh'ynu some sarly results, coimqueﬁcu,

and implicalions of the Skylab microwave eitparimenh‘ls @ greot pledyura and privilege.’

Thess experiments have been auccanful, as nearly as we can tell at this stage.
Parliculor eredit should go to those who devised o sélution to the antenna problem
that developed toward the end of the second manned mission and to the crew of tha
third migsion who made @ repalr that ancbled us to get some outstanding measurements
during January.

The success of the Skylab Radicat experiment It particularly grullfymg to me,
for the Rodscat concept wos devaloped by my colleagues Prof. WHlard Pierson of
City University of New York, Prof. Fawwaz Ulaby of The Unlverslty of Kansas, and -
myself, The oltimeter experlment also means much to me; although 1t wos daveloped -
by Mr. Joseph McGoogan of NASA Wollops Statlon and colleagues at Naval Research
Loborotory and Research friangle Instltute, it is a mnjor step forward In the field
where | started In radar in 1951,

The Radscat, which I shal dlscuss in detail, has demonstrated thof a future
oparational warldwide oceanic wind-measyring satelllte system is feasible, We also
expect the overland measuremants will yisld much valuable Information required for
the design of futurs spacecraft imaging radars, These will be of valus in many '
applications in disaster monitering, hydrology, ngrlculmre, and eceanography . The

allimeter experiment has shown feasibility of satellite measurament of small vertlcal . - -

chianges in the mean sea level, ond hos gathered much informatlon necessary to
produce extremely precise altimeters in the future.

The microwave instruments on Skylob are the $-193 and 5*!94 with the formar BT

héing much more complex and versatile, The 5193 operates at o frequency of

12.9 GHz, or wovelength of 2,18 cm. The fadscot portion of the instrument contalns

a tedar scatteromater that measures tha strength of a signal that oflgmate: in its
transmitter, frovels to tha ground, ls scattered {bounced) back to tha spacacraft, and -
is recelved there, Since all foctors except the ground scottering proparties aré
known, the signal ﬂrengih 1s a measurs of thess propert'les. The rodiomeler, which-
thares many receiver components with the scatteromoter, measures tha strength of
microwave "nolse” signals that eriginate in the groeund and the atmosphere; Its output ‘
14 expressed as a temperature, but 1t really is determined both by the temperafure

the Radscat.

and by other proi:arﬂu of ground ond nlz. The altimater sxperiment also uses mony
of the same components, plus some of Its own, As an oftimeter It measures the
distance from spocecraft to acean very aceurctely—rthe situation over lond is mors
complicated, Many of its functions, howsver, are intended to establish the properties
of signals recelvad by an altimeter 1o parmit batter design of future systems.

The 5-194 Is o radiometer eperating ot a longer wavelength, 2.4 ¢m (frequency
of 'I,‘ GHz), Like the radiometer In the Radscat, [t measures “nofze” signol strengths,

from the ground, but tha otmosphere is essentially tronsparent at its wovelength,

'

5-193 Cceanographic Applications

The major purpose of the 5-193 1s oceanogrophic; measurements over land are
Important but subsidiary to the aceanogrophic use. 1shall enly touch briefly on the

altimeter results and concenfruta an the Radscat, for my personal invalvement fs with

One of the first oltimeter meosyremenh was over the wellknown Puerto Ricon
trench, an areo of the ocean where the mean surface dips sharply becauie of a very
daep spot just off the coast of Puerto Rico. Here Is the'trocs obtoined in that

‘meosurement, Note that the sea level dips by 14 yards aver a relatively short

distance. Such a measuremant, made in secends with S-193, i1 extremely difficult
and Hme consuming when made from ships. This wos tried first becouse ir hos been
woll mapped from ships, but other exciting features have been cbserved in ess—well-
mapped areas,

_ Tha 5-193 Radscat wos intended to answer questions about the potential of
future operational systems o be used continuously ever the world's oceans. Its
appllcations to meteorology include measuring oceon-surfoce winds on o worldwide
basis and datermining oreas of precipitation falling on the sea. Present pictorial
weother satelites gre vsed to measure winds of cloud-top {avel, but the surfoce winds
are also neaded ta permit betrer waather forecasts aver the sea. From this information
better forecasts will be possible over the adjacent land masses os well; ond the
knowledge gained will permik more knowledge of the physics of the atmosphere,
which teads to still better forecasts of the world's weather. Measuring pracipitation
areas at sea is brand naw—we simply have too few ships to moke ‘nny useful measure=
ments of this kind, This, too, will allow better Forecasts and better knawledge of the

_ physles and climatalogy of the exchange of moisture and heat between air and ocears.



In aceanography, tha winds on the wrfoce are the Inpyts 1o computer programe
used to foracast the waves. Foracasts ara new possible In some parts of the Northern
oceons whare many ships can radlo wing speeds to weather centers, but they wiil be
. greotly Tmproved by obtaining mors Input data from sotallive Radscats, An operaticnal
sotellite wind sensor will ollow the first forecasts In the Southern oceans whers many
of the supertankars operate, but the number of ships 1s too smail for adequate fore=
casting today. These improved wove foracasts will allow faster ship crossings with
less domage to cargo and ships, and with the loss of fewar ships. Hence, it will also
reduce the chance for major oil spills from damaged or destroyed ships. Fishing
industry efficiency can be improved, and better wamings can be made of impending
storm hazards along coastlines,

To'illustrate the conlrast betwgan the present and potentiol wind data bases,

Prof. Pierson hos here contrasted the weather map for the South Arlantic on 18 January
1968 as prepared from the sporse available data with what it might be with an

operational Rodscat. The circles on the Jeft-hand map show the few reporting stationg™=
an occasional ship and coastal stations in Africa and Antarctica. The numbers on the
right-hand map shaw tha infarmation that would be cvallable from a singre poss of a

 Radscat on o satellite. The contrast is apparent|
The Radscat concept for an opergtional wind sensor invelves use of @ combinad

radlometerscatterometer, like that on the 5=193 but simpler because of the many modes -
buill Into $-193 to answer questions needed far designing the operational system. It
would be designed to provide points about 100 km u‘porl on a 1600 km sw&th—sﬁﬂ km .
Ig either side of the satellite greund track. Under clear=sky conditions, both '
instruments measura windspeed and they may ba used to check each other. When the e '
pictoriol satellite shows the presence of clouds, the scatterometer Is still used to

measure wind spaed; but the rediometer is more sensitive fo the clouds, so it can he

.used to defermine the amount the cloud reduyces the signal for the scatterometer;

hence, the scatteromater wind measurement may be impraved. IF the radlometer

signal indicates that heovy rain is present, the scatteromeler signal is considered too

corrupted, and that pasticular polnt con be discarded.

All of these concepts were demonstratad early In the fiest Skylab misslon whan S, .

measurements were made over Hurrlcane Ava off the Pagific coast of Maxico, This
unusual spring sterm was obsarved by Prof, Pierson, who persuaded the flight
controllers to modify the flight glan somewhat 5o this unique opportunity could ba

FL
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uttlized. Mr. Arun Sabtl of ;[ha UniversTty of Kansas calculated how this could be

done aven without going info the earth-polnted mede. Rewlh of this cooperative
effort are shown here, Mote the way tho wind and scatterometer response follow sach
other. The one extremely high point for both insfrumenf; Is an example of the
heavy rain condition when the radiometer tells us 1o disregord the scotterometer
indicatian. 7

Some results of two posses across the Guif of Mexico and the Caribbean Sea
during the first missfon, and of Hurricone Ave, ara comkinad here to show that tha
horizontally polarized scatterometer signal is approximately propartional to the square
of the wind speed, The scatter in the experimental points is belioved due in lorge

measure to inodequate knowledge of the winds; wa expect that a curve made only

* with points for which the wind speeds arg reafly well known would show much less

scatter, but the amount of scatter shown hefe would not prevent the data from being
of great value ta wave forecasting. Mote that these measurements were in an area
where winds are relatively well known compored with most of the open cceans.,

" On Jnnu?:ry 4 of this year we obtained meosurements ovar perhaps the greatest
North Ailantic storm of the decade, Here is Prof, Pierson's analysis of this starm.
MNote that many data points wers obtained In winds exceeding 60 imots, with o full
range down to relatively low wind speeds, Attemphy to obtain oircraft measurements
with high winds have been mode year after year by both NASA and NRL, but only
2 or 3 points neor 50 knots have besn obtained, and none near 40 knots| You can

" imagine how anxious we are to get our hands on the data from this passt

Let me summarize the significance of the Skylab wind measurement

findings ta date. First, and to my mind foremest, the Rodscat concept worksl We hove

shown that the scatterometer con determine windspeed, the radiometer can correct

1t in light rain and clouds, und the radiometer can pinpoint heavy rain cells where
the duta must be discarded. MNevertheless, some factors still must be evaluated to
obtain the desired precision of wind meusurement; a detoiled analysis of the Skyleh
dota should resolve many of these questions. [n addition, this analysis will otlow
pinpointing needs for additional aireraft and tower measurements. Some of these, by
tha way, may be forthcoming in the underflights made with NASA aircraft using

the Radscat developed for aircraft under the AAFE program at NASA Longley Research
Center under Dr. W. L. Jones—and this instrument should be the bosis for future
flights to onswer remaining questions. Another significont Tinding is that we believe
our original recommendation for use of vertically-polarized radiation will be changed

to horizontal polarization, -
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5-193 and Spacacraft Imaging R «dai

Over lond the 5=193 ks more important in collecting design Information for
Imaging radars thon as & test of an époratlonul seror, for It b not intended to make
_images like this one from an aircraft sidalooking radar, Yet this kind of detalled '
pictura is needed for mony land applications, Just as ERTS with its 200-foot-resalution
pictures has been more useful In meny applications than the coarser-resolution
weather sateliites, a spacecraft imaging radar will be more useful over land Hian.
§=123=yel 5-193 provides valucbla information for designing ond for some
applications of such a sensor. : ‘

Radar sensors that con moke pictures like this from space are going to be

especially valuable for applications where timing is important—where you cannot

wait for the clouds to clear befora get—ling o picture. Some examples of these applle

cations ares disoster monitorlng and assessment, hydrology, agriculture and othar

vegetation monitoring, and oceanic applications where Images are necetsary. Clearly

the time to assess a disaster Is during or immediately after, even if it Is cloudy; this =

appliey to earthquake ond voleans damage, o determining the extent of fluoding and
the damage after the water racedes, to finding out the extent of hurricane and other. -

storm damoge, ond to pinpointing major ofl spills on lakae, rlver, or sea. Forecasting T

river levels and crop potentials depends on monltoring the moisture stered In the

spring snow pack and its changes, Soil moisiure has an effect on the flood threat too, h

as well as on other needy such os keeping track of glound-water levels, but you have
to know it at @ certain time. Also important for fleod forecasting ls knowing where

the ground is frozen so a ropid melt will run off instead of soaking In, ond you have o

know the frozen area when the melt starts, not on a later claar day, krigation
conditions and natural soil molsture are ephemeral. Crops can ba best identified by
manitoring at the right time In their growth cycle, and this Is Important if improved
forecasts are to be made of yields, The prog;ass of the planting and harvesting cycle
can only be monitored while it happans; and plant thresses must ba detectad early
if corrective measures are to be of any use, ' |
Navigation through sea ice requlres knowledge that iy timely~~and 10 doss
avoldance of icebergs, 1f we wish to keep track of flshlng floets and of :h!pplﬁg,
wa cannat walt for tha clouds ta ga away. Even if wa can get the wind forecast from
the Radscat, monltaring the wave structurs Iy Important In some plagesy | was 1old
that determining when a certain kind of wove was coming arcund Englond from the

North Atlantic might save $500,000,000 In dredging for tha chonns! from Roterdam ,
to the North Seal ) -

All of these applications may be possible with spacecraft Imaging rodars,
along with many others not so ime=dependent. Many could be handled with other
Imaging sensory; but, as you can see from this map showing the number of times ERTS
photos were possible during the first year of its operation, repeated
coverage with photographic and infrared sensors on a schedule s not feasibla over
much of the cauntry. This is not o say that the ERTS is not useful; ERTS photographs
have been of Immenso value for many applications where timing is not 16 important,
for applications where timing is important i less=cloudy oreas, and under fortyitous
circumstances for Hme~dependent applications, Before the ERTS was launched, who
would have thought it could find a cloud-free time to map the Amazon jungle? But
It did. Nevertheless, opédrational time-dependent opplications will really depend on
the cloud-penetrating capahility of radar.

How does $~193 fit into this picture since it is net an imaging rador? We
already know how to use sodar images for many purp&ses: mapping geological
sfructﬁra, determining tha extent of floading, identifying fields (but not
necessarily which crop is there), chacking the progress of planting and harvesting,

_and mapping the extent of seu ica. Radars developed for the DOD hawve been

wed commercially for geology, vegelction mapping, and similor applications,

The Coast Guard is about to start 6pemrinnuf oil ~spill radar monitoring near harbors,

" ond the Sovists are routinely mapping seo ica,

Navartheless mary mora experiments are needed to determine feasibility of
some of the applications suggested hare but not yet praven. We do not know yet the
best wavelengths and polarizations for different applications —and which ones take
combinations of several wavelengths and polarizations. For most uses we de not know
Just how much ability ta discriminate small differences the radar should have. Many
of these can be determined with radars mounted on "cherry picker” trucks ond on
aircraft, but athers will require use of the first tpacecraft Imaging radars. But 1 stll
hovan*t said whers Skylab firs) ‘ .

Tha data we have ohtained with Skyllub 57193 will atlow us to set the
sensitivity of the space radars. Powsr consumption is very Important for theie systems

" slnca many spacecraft hove limlled power, and without these duta we would ba forced

to yse mare power—-to be more conservative than necessary. Furthermore wa need to

know how stiong a sipnel must ba accommodated, for the design of the rador system

"6
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depends not only on the weakest signal, but olso on the range of wignal sirengths. '

Even with the rather gross resolution of the $=193, wa can find out how weli tpace
systems can perform in measuring things that extend acrass large areas.  For exampls,
we are trying to see whal success we will have In monitoriﬁg regional soil moisture.
With coarse resolution, the snaw pack in the mountains may be hard 1o meosure, but

" we can Iry it in tha plains and from this estimate how well a finer resolution system

will da in the mountains too, Cleasly the advance of the freeze~thaw line is o reglonal -

effect that we should ba able to monitor from Skylab. Furthermore large hamogeneous
vegetation stands (for imstence, "Texas postures” o mojor forests) can be monitored
and the resulls extrapolated to smaller ones that the future fine—resolution radurs will
map, All of this is in terms of what we will do, becduse analysis of this kind of
data proceeds slowly, and results are not yet available to show, o
In one pass across the 3,5, on 24 January, hewever, data were collected from
an ares so large that thls one pass alone will give more information than yeors of
gircralt programs have provided| . )
Since much of this information will be used for future spacecraft imaging radars,

1 thought H appropriate to give my keas of some of the characteristics of systems that

wa can expect in the near future. " All of thesa systems will perform in clouds and

light rain, ond soma longer~wavelength systems will be independent of rain altogether.

Small spacecraft will be restricted to one or two single wavelengths, and resolutions
will be in the 30-50 meter range, only a little better th.nn ERTS. In fact the radars -
may be comblned with relotively simple visible~IR sensors with qupqmble rasofutions,

The shuttla or other large spacecraft, hbw.evar, will be able to carry
polypanchromatic radars {trus "color radars with multiple broud-bondwlidth capabitities
like color film or IR scannets), Thesa systems will have the same kind of edvantages
over the smalles systems that color photography has over black and white, They wiil
also have better resolution, probakly 1020 meters, although even better is theoretically
possible if you could figure out what to do with all the datal These fine=resolution ~
color radans will be combined with equally~fine vesolution high-performence cameras
and scanners to provide the best possible all ~weather sensing capability. Data
collected with $-193 will help bring this about, and we will all benofit from the -
increased knowledge of our planet that results,’

e nermn—

Concluslon_

In concluston, the Skylab microwave systems paint toward future operationat
systams to apply to the needs of man. Already the obilily of a spaceborne rodar
altimeter to profile the ocean surface has been demonstrated;” and valuable design
information has been collacted to permit aven better future spacec'rufl altimeters.,

The concept has been verified of using a Radscat as a wind=speed sensor for the globot
oceans, with the radiomater providing corrections fo the scotteromerer. The Radicat
has collected valuable data for design of future imoging spacebornt radop—ond for
future radiometers, too, although this hos not been discussed.

As always, answering some questions roises others. These-tan, we hope, be

_ answared by further analysis of Skylab data over the next 2 or 3 yeers, by future

space missions, ond by continuing aircroft and ground measurements under the NASA
S.R.4&T. program.
Thank you very much.
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